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I. GENEFLAL INTRODUCTION

The field locations (Figure 1) for OCSEAP meteorological

data gathering along the Alaskan Beaufort Sea Coast (since 1976)

were mainly concentrated in rectangle A. The P locations were

surface pressure data sites. Pt. Barrow, Franklin Bluffs,

McClure Islands (Narwhal) and Barter Island are now permanent

pressure stations (Kozo, 1981) which offer “continuous” data and

calculated geostrophic winds. The April 1981 Beaufort Sea (Sale
#71) synthesis meeting outlined several analyses voids which could

become serious gaps in the environmental assessment program.

These voids were:

(I-a) Comparisons of available historical data to the
5 years of summer field data and degree of
applicability.

(I-b) Frequency of “normal and “abnormal” summer wind
fields.

For example the summers of 1975 and 1980 were poor operating

years for the oil companies since the ice edge was pushed close

to the coast by prevailing westerly wind conditions. Also the 1977

(August) data contained a negative storm surge event that dropped
the water depth in Simpson Lagoon by 1 meter and produced a

direction distribution that showed easterlies dominating over 70%

of the month.

(I-c)

(I-d)

A development of a statistically representative
time series of wind speed and direction to drive
the oil spill model being developed by Chris
Mungall (0.C.S. investigator) and the wave Hindcast
model of Frank Wu (new O.C.S. investigator)

Wind-wave data and analyses with zero information
on wave induced currents which can reach 1% of the
wind speed (Kinsman, 1965) or lead to a 25% error
in Mungall’s oil spill trajectory model.

1



1 . 0 HISTORICAL WIND DATA ANALYSIS AND MODIFIED MARKOV MODEL
TO GENERATE TIME SERIES OF COASTAL WINDS.

A. Results

1) Bivariate Distribution Data

It has been shown in previous annual rePorts (R*U” 519/

1977-1981) that surface winds have been well correlated for OCSEAP

data collection locations from Cape Halkett to Brownlow Pt. in

the late spring and summer seasons. These data were collected by

Meteorology Research~ Inc. 04RI) mechanical weather stations with

direction accuracy of i 1% of full scale (360°) and wind SPeed at

~ 2% of the measured value. The data are taken in the form of 3

hourly averages.

The historical data analyzed was taken from one Class

A-1 weather station (Barter Island) , one airport (Deadhorse) , and

two Distant Early Warning Sites (DEW, Lonely and Oliktok) ..The data

collected at the DEW sites were instantaneous readings taken every

6 hours at approximately 2 meters above their airplane landing

fields. The data collected at the Deadhorse airport were in the

form of instantaneous readings several meters above the runway

elevation with some years of data collection at hourly intervals

but only from 6AM to 8PM. The da-ta from Barter Island was taken

hourly but still in the form of instantaneous (“quick-look”) read-

ings. The characteristics of the historical data are then, in-

stantaneous readings, variable time periods of collection, direction-

ally coded intervals (21° intervals f10,5° error built-in), data

elevations less than 10 meters and generally inconsistent method-

ology . Therefore, Figure 2 is a pleasant surprise. It represents

an eight year average (cataloged Deadhorse historical data exists

from 1968-1976 with poor sununer 1968 data) of total percentages

(August) for simultaneously occurrin9 surface winds directions (less

than 60° apart) at various station combinations (see Figures 3-8

as examples) taken from bivariate distribution tables= The station



combinations were Lonely-Barter Island (366 km) , Oliktok-Barter

Island (232 km), Deadhorse-Barter Island (181 km), Lonely-Deadhorse

(190 km), Lonely-Oliktok  (130 km) and Oliktok-prudhoe (66 km). The
numbers (percentages )between the two diagonal times (Figure 3-8)

designate occurrence of simultaneous wind directions that are with-

in 60° of each other. Totals of the percentages between the lines

were used for Figure 2. It can be clearly seen that the correla-

tion increases with decreasing station separation distance in a

linear fashion. Extrapolation to O distance (dashed line) indicates

that for these data and station combinations 74% is “perfect”. The

Prudhoe Bay (Deadhorse area) to Oliktok coastal region was the major

area of the OCSEAP studies (1976-1980) and Figure 2 shows an avera9e

loss of 14% in correlation if Barter Island surface wind data is used

to describe all coastal surface winds. It must also be mentioned

that all the bivariate distributions (Figures 3-8) exhibit the

typical bimodality  in east-west directions but no indication of a

consistent turning angle difference exists between Oliktok and Barter

Island..

2) Probability Density Data

Probability density plots for Barter Island surface wind

direction data in August the main open water month can be seen in

Figures 9-38 for the years 1949-1978 ( in order ). Similar plots

were generated (not included in this report) for July and Septem-

ber separately as well as combined plots for July 15 through Sept-

ember 15 (typical time period of open water) . There are 3 main

types of wind directional fields, all of which show the usual bi-

modality due to southerly wind (145° - 210°) suppression by the

mesoscale coastal thermal contrast (Kozo, 1979) . The first type

(Type I) and most predominant (7 of 10 years) show a 60% easterly

and 40% westerly directional bias. Cottle Island (Jones Islands)

winds from a complete month of August (248 data points) in 1978

(Figure 39) were chosen to represent this Type I condition and are
being used by Chris Mungall (OCSEAP investigator) to drive his oil

3



spill trajectory model (note: compare with histogram from Barter

Island Figure 38). The histogram from Barter Island Figure 37 and

Figure 40 from Cottle Island for August 1976 represent a “finger-

print” of Type I wind directions that led to a banner shipping and

operational year for

speed easterly winds

shore.

oil companies

were dominant

on the north

and dept the

slope since moderate

ice edge away from

It must be noted that calendar months are an artificial break-

down of time histories of wind fields. An extreme case (no category

like this) wind histogram can be seen in Figure 41 which runs from

mid-August 1980 through xnid-September 1980. This wind direction

distribution (opposite to the Type I case) helped produce what Dome

Petroleum of Canada described as the worst ice conditions ever in

the Beaufort Sea (Oil and Gas Journal, 1980) .

The second (Type 11) and the one damaging to commercial opera-

tions on the artic coast is a directional distribution with a mere

50% Easterly - 50% Westerly (or a slight westerly bias) since west-

erly winds induce shoreward transport in the water column (in less

than 6 hours) bringing the sea ice edge closer to shore. Figure

36 from Barter Island (1975) and Figure 42 from Tolaktovut  (August

1980) are examples of directional distribution Type II for years

were operations were severly hampered due to ice conditions. These

conditions appear 2 out of every 10 years and the 1980 (Tolaktovut)

data from August 1 through September 24, 1980 has been chosen to

drive the OCSEAP oil spill model as representative of the Type II

conditions.

The last type of wind distribution (Type III) occurs once

every 10 Augusts. It can best be seen in the August 1977 data

(-Figure 43) for Cottle Island Figure 38 for Barter Island). This
data was influenced by a negative storm surge which contributed

persistent synoptic easterly winds for almost a week resulting in

a better than 75% easterly wind accumulation for the month. A

4



large open water area was created between the ice edge and the

coast but shipping was hampered by the high winds (up to 40 knots) .

It must be noted that wind induced waves and wave induced currents

must be fetch dependent. Fetch in-turn is dependent on the pre-

vailing synoptic wind conditions which can bring the ice edge in

or out.

3) Statistical Characteristics of 30 Years of Data from
Barter Island

Plots of correlation coefficients (P) between adjacent data

points in a time series (lag one autocorrelation  coefficients),

mean (M) , and standard deviation (SD) can be seen in Figure 44

and 45 for speed and direction respectively. (Note: 1979 data had

many gaps and was not used). For speed, the typical August had

P = .75, M = 10 knots (~ 5 m/s) and S.D. = 5 knots (~ 2.5 m/s).

For direction, the typical August had p = .75, M = .4 (x 360 =

144) and S.D. = .275 (x 360 = 99). Plots of auto correlation co-

‘efficie’nts for speed and direction increasing lag (not shown) have

a ~ value reached in 3 lags or 9 hours for typical Augusts. This I
e

shows that winds are reasonably correlated for a time period

than the response time of a moving ice floe to the wind.

4) Statistically Representative Time Series of Winds
for Typical Augusts and Atypical Augusts

a. Further Component Plots of Barter Island Data for
August (1949-1978).

Figures 46 through 52 are examples of Fourier component

for direction (Part A) and speed (Part B) data in designated

greater

plots

years.

These individual components are compared with a pure first order

Markov continuum (curved line, red noise) generated from lag one

(random, straight line) continuum (see Kozo and Tucker, 1974) .
The graphs show component wave numbers (abscissa) and variance

(ordinate). The wave numbers can be converted to periods by

5



remembering that the data sample size for one month is 248 (every

three hours) , thus wave n~ber 1 has a 744 hour period and wave

number 31 has a 24 hour period (diurnal cycle) . Wave nwbers less

than 16 represent synoptic influences. Statistical significance of

component values above the white noise or red noise curves may be

obtained (Gilman et al., 1963) by (1) assuming alternate null

hypotheses that the data are either all white noise or all red

noise (2) calculating the ratio FtiS. where F s degrees of freedoml

S s peak amplitude and N = amplitude of the Markov or white noise

continuum at the same harmonic~ (3) comparing this to the percen-

tage points of the chi square distribution for the same F value.

Individual harmonic amplitudes generated in the respective Fourier

analysis have 2 degrees of freedom. Therefore the chi-square dis-

tribution table shows that peaks significant at the 5% level

must be approximately 3 times larger than their corresponding

white or red noise value.

The actual wind speed and direction data (see Figure 52 for

example) usually has’at least one or two significant

components at a synoptic period (less than wave #16)

nificant feature near the diurnal period (wave #31) .

period is a deterministic function which is imbedded

non-Markovian

and one sig-

The diurnal

ifi the time

series data with a relatively constant phase angle and amplitude.

The significant synoptic periods that occur are not the same from
year to year with varying phases and amplitudes. Therefore, trying

a Fourier technique to model the typical August open water period

has been unproductive.

b. Markov Models

Chow (1964) discussing Markov processes mentions a successful

first order llarkov chain model that can be used to generate a

time series. It can be written:

24

‘t = rxt-~ + (1-r)= + sx(l-r ) et (1)

6



where x~ is the value now, Xt-l is the immediately preceding

value, r is the Markov chain coefficient (in this case, the lag

one autocorrelation coefficient) , ~ and Sx are the mean and

standard deviation of the historical data and et is a normally

distributed random component with a O mean and standard devia-

tion of 1. This is a variation of the Markov chain defining

equation:

‘t = ‘Xt-l + ‘t (2)

where the probability of a system in a given state (xt) depends

on the immediately preceding state (x~-1), the correlation

coefficient (r) and a random variable (et) . Equation (1) Will

generate xt’ s for speed and direction that are normally distri-

buted and preserve the mean, variance and first order correlation

coefficient of the historical data (F’iering and Jackson, 1971) .

The” historical wind speed data from Barter Island and the

DEW sites (Lonely and Oliktok) show a unimodal distribution

(Brewer, et al. 1977) which can be modeled by the generating

equation above with a random number “generator” (CDC function-

routine) . Figures 53-55 are speed histograms generated by the

model for p s r = .25 (Figure 53) ~ .50 (Figure 54) and .75

(Figure 55) with a constant M s ~ = 10 knots and SD ~ SX = 5 knots
and random numbers from a normal distribution. Figure 55 gives a

wind speed distribution similar to the historical data with the

mean standard elevation, and lag-one autocorrelation preserved.

The August historical wind direction data is another prob-

lem. It is a bimodal distribution with directions from the SSW

to SSE sector suppressed due to the coastal thermal contrast.

Equation (1) is again used but when directions are generated in

the suppressed sector they are not retained in the synthetic data

set but are utilized to generate the next number in the sequence

which will be retained when it falls outside the SSE-SSE sector.

7



In this way the historical defining statistics are minimally

disturbed, and retain their original character while preserving

the deterministic effect of the coastal thermal contrast.

Figure 56 is an “example of a computer generated wind direction

distribution which simulates the modal Augusts (histogrms) pre-

serves the statistics, and contains the deterministic effect of the

coastal contrast. Figure 57 is a Fourier analysis of the above

generated wind direction time series compared to a first order

Markov continuum and a white noise continuu {level line). The Wave

Number 20 (37 hour period) is a statistically significant peak and

the auto correlation function (not shown) hits ~ of its initial
e

value in 9 hours just as the typical historical data.

It must be mentioned that 2nd higher order Markov models

were contemplated with above tenth order being computationally

excessive. To test the efficiency of equation (1) above, a curve

fitting technique for a nth order (up to 100th order) Markov process

was used [Fiering and Jackson, 1971) of the fo~:

= b. + blxt-l + b2Xt-2 + b3Xt-3 . . . bmXt-m + et S (1-R21+ (3)
‘t

where b. is analogous to (1-r) ~ in equation (1) and bl is analo-

gous to r for order 1. et

( )

and s are the same as in equation (1)

but 5X 1-R
2+ is the standard error of the estimate with R2 the

coefficient of determination. R2 signifies a rating of the explana-

tory power of the successive higher order models. A plot of R2 Vs .

order number can be seen in Figure 58 (data used for fit was Cottle

Island 1978, modal year) . The criterion is to stop when the R2

curve levels off at some plateau which is hopefully a higher

numerical value than order 1. The 10th order give a value of R2=

.62 and is a significant plateau. However, for order 1 the R2 is

.56, therefore the gain in going to higher orders in the Markov

8



model is very slight. The real data has a lag one auto correlation

of .75 which corresponds, to bl in equation (3) or r in equation

(1) and the real data also has a mean (~) of 144° which is con-
tained in b. (equation (3))and (1-r) Y of equation (1). The com-

puter generated b. from the curve fitting technique has a value

of .7534708 (from 1978 Cottle Island Data, chosen to drive the

OCSEAP oil spill model for the typical year) and a bl = 35.21342

which yields a ~ = 143. Again this evidence shows that a higher

order model from a curve fitting technique will not improve on the

numbers generated by equation (l).
/

The model can be started off with east or west winds using

equation (1) and still preserve the historical statistics and

probability density functions. The computer generated random num-

bers from a rectangular distribution are converted to a set of

random numbers with a normal distribution having a O mean and

standard deviation of 1. The same form of histogram is obtained

regardless of the set of random numbers provided they have the

above characteristics. Figures 59 and 60 are histograms with

P = .5 and P = .25 respectively, showing the sensitivity of the

model to the lag one autocorrelation coefficient.

A check on the model output for wind direction in the case

of a random number set with a rectangular distribution can be seen

in Figure 61. The resultant “fingerprint” is similar to the Type

II bad year cases for real data and has the statistics preserved.

9
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2.0 WAVE HINDCAS’T STATISTICS

2.1 INTRODUCTION

The environmental conditions characterized by the wave

field in the Beaufort Sea were attempted to be determined by

the wave hindcast scheme. The deep water wave height, period

and direction, the breaking wave height and depth, the wave

set-up and run-up, and the wave-induced current in deep water,

as well as in wave breaking location, were calculated by the

finite difference scheme of a Fortran code developed by Tetra

Tech. The study areas include Harrison Bay, Simpson Lagoon,

and Brownlow Point. Six beach profiles were selected as

shown in Figure 2-1 to represent the study areas. The

recorded wind speed and direction at the station of Cottle

Island 1980 (negative surge), Cottle Island 1978 (typical

year), and Tolaktovut Point 1977 (persistent westerly wind),

were used as the wind field for

water wave field. A steady and

direction was assumed for every

the hindcast of the deep

uniform wind along a certain

three-hour duration correspond-

ing to the sampling rate (3 hourly) of the wind data used for

this study. TWO fetches were simulated for the hindcast of

the deep water wave. The first fetch was assumed to be

infinity for a fully developed open sea condition. The

second fetch starts out from the offshore location of 100 ft.

contour, which was intended to simulate the condition

under the effect of ice edge. As a result of this study, the
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wave and its related ambient conditions were determined, which

would be very useful for the assessment of the environmental

impact study in the Beaufort Sea area.

2.2

2.2.1

THEORIES

Wave Generation and Propagation

Hasselmann’s parametric wind-wave model (Hasselmann, K,

et al. 1976) was adopted for the hindcast of the deep water

wave. The fundamental concept of Hasselmann’s one parameter

model is based on the premise that the response of the wave

field to the wind input can be described by two processes

which occur at different rates: 1) the rapid adjustment of

the spectrum to a universal shape and an energy level such

that the input by the wind in the dominant region of the

spectrum is balanced by the nonlinear transfer and possibly

dissipation and, 2) the slower migration of the peak toward

lower frequency due to the nonlinear energy transfer across

the peak. This concept has been verified by JONSWAP’S field

results (HaSselmann,  K., et al. 1973) and also

laboratory results (Wu, H.Y., E?su, and Street,

one parameter model is limited to growing seas

by WU’S

1979) . The

and cannot be

extended into the swell range. The governing equation for

one parametric model is:
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where, P.

No

f.

u

= 0.95

= 5.5 x 10-4

83
+

u ~v . ;,‘~~’~=gm ];m[ =*
m

= ufm/g , q = 0.85 for COS26 spreading factor

is wind speed, g is gravitational acceleration,

fm is peak wave frequency.

For a uniform wind field, the governing equation for predicting

a local peak frequency can be simplified as:

a fm

()

-4/3 10/3

TK =-5.5 X1O-4”3” f
m

The analytical solution of the above equation in terms of the

normalized peak wave period, ; and normalized significant
P

A

wave height, Hs can be expressed

For ;<3.5xicl 3

is = 1.53 x 10-3 ;0”5

G = 0.341 ;0”3
P

A

as follows:

AfiA-

otherwise H = 0.283 tanh (0.0125 X“”*A)s

;
‘0.25,= 7.54 tanh (0.077 X

P

where ~ = gX/U2, ~
s = gHs/U2, ;P = gTp/U . The results calcu-

lated by the above equations compare quite well with the

measurements. For a given set or significant wave height, Hs

peak wave period, T
P

and wave direction, e, a deep water

directional wave spectrum F(u,@) can

wave spectrum propagates through the

50
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shallow water region, it



will be subject to the effects of shoaling and refraction,

and the transformed spectrum can be related to the initial

wave spectrum (Battjes, 1974; Collins, 1972; Longuet-Higgins,

1957) , as follows:

.

where o denotes the initial conditions and C = nu/k is the
9

group velocity. Assume the directional spectrum FO(W, 6.)

can be decomposed in such a form that the energy distributed

in different frequencies, Eo(u) , are weighted by a directional

spreading factor @(f30) , i.e.: Fo(u,eo) = EO(W)$(60) .

Under the assumption of parallel bottom contours, Snell’s

Law, i.e.: sinf3/sineo = ko/k, can be applied to relate the

refracted wave angle e. to simplify the calculation, i.e.:

k. COSeo df30
de =

( k2 - ko

2 sin260)l”2

Finally, the transformed wave spectrum can be written as follows:

nokzkocos eo@(80)Eo(u)
F(u,e) d6du = dOo du

nk02 [k2 - k: sin2 f30 ]1/2

This transformed wave spectrum is valid prior to wave breaking.

After wave breaking, a different approach for the calculation

of wave height in the surf zone is applied.
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2.2.2 Wave Breakinq Criteria

In the ocean, as a wave exceeds certain kinematical or
,

dynamical limits, the wave will be broken and reformed. T h e

visible white-capping phenomena is the result of wave break-

ing. It has been argued (Phillips 1958, Kitaigordiskii et al.

1975, and Thornton, 1977) that in order to satisfy the

kinematical or dynamical constraints of wave breaking, the

wave spectrum in the high frequency range where wave breaking

occurs, must have a certain universal shape exis’ting, which

is known as the equilibrium range. One can employ dimensional

analysis to derive a form for the equilibrium spectrum.

The equilibrium spectrum, ~(u) without the effect of

current can be expressed as (Kitaigordiskii et al. 1975,

Thornton, 1977, and Wu et al. 1980):

v(u) = ~k-2(2nu)-1

where a is Phillips’ equilibrium constant, n is the ratio of

group velocity to wave celerity, k is the wave number and u

is the angular frequency.

the deep and shallow water

VDb.u) 2 -5=agu

a n d

The asymptotic forms of $(u) in

regions can be shown as

I)s ( W )  =  ~hw-3

.-
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respectively. The coefficient, u/2 needs to be verified in

the shallow water region.

As a wave field propagates toward the shallow water

region, the process of wave dissipation, within the equilibrium

range, is not sufficient to characterize the spilling, surging,

or collapsing type of breakers which occur in shallow waters.

Therefore, additional shallow water wave breaking criteria

are needed. As

bination of the

breaking depth,

proposed by Wu et al. (1980), based on a com-

state-of-the-art knowledge of breaking height,

deep water wave characteristics, and beach

slope, the breaking criterion can be described by

H<yd

where Y = Hb/db and Hb and db are breaking wave height and

depth, respectively, which are functions of beach slope and

incident wave

determined by

LeMehaute and

characteristics. The breaking wave height is

the combination of Goda’s index (Goda 1970) and

Koh’s (1967) wave breaking condition, i.e.:

‘b = 0.74HQ  ●  S O” l 
● (Ho/Lo)-0”24 . (coseo)O-38 .

●  (cOsgb)0.28

and

‘b = (0.15 + 6.4 ● Ho ~o/Lo)”90
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for

0.002. K Ho -o/Lo < 0.1 and 0.026< 0.1.—

where S is the beach slope, Lo is the deep water wave length

and 9b is the wave breaking angle.

The breaking water depth ~ is the summation of the

still-water breaking depth, hb and the maximum wave set-down,

~b at the breaking location. The still-water breaking depth

hb is determined by Weggel’s formula (Weggel, 1972), i.e.:

‘b = Hb / [b - (aHb/gTo2)]

where

= 1.36g(l - e-lg”s) 1.56/(1 + e-19.5”sa and b = )

The maximum wave set-down nb at the wave breaking point can

be estimated theoretically for a solitary wave. The theo-

retical form of Tlb is:

3/22 ~ To cos90/[64n(hk?lb = -H. + nk) 1
JJ JJ

Finally, Y can be determined for a

conditions and beach slope. Then,

be established.

given set of initial wave

the breaking condition can

The combination of equilibrium spectrum check (which

would limit the energy contained in the relatively high
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frequency range of a wave spectrum)l and shallow water WaVe

breaking conditions defines a very good breaking criterion,

predicts a better breaking location and, hence, provides a

better simulation of the surf zone processes.

2.2.3 Wave Set-up

Wave set-up

surface caused by

is defined as the rise of the mean water

the balance of the wave induced momentum

flux in the surf zone. The additional momentum generated by”

the waves on the water surface is termed “radiation stress”

by Longuet-Higgins and Stewart (1960) . The wave set-up is

dominated by the rate of decrease of radiation stress in the

surf zone. Consequently, the criterion of wave breaking and

the rate of decay of breaking wave.height are extremely impor-

tant to the wave set-up prediction.

The governing equations for the wave set-up model are

the depth-integrated and time-averaged equations of motion

and continuity. The problem is further simplified by the

assumptions of one-dimensionality and steady state conditions,

neglecting the effects of bottom friction, Coriolis force,

surface wind stress, currents, and pressure gradients. Then,

the governing equation at the direction normal to the coast-

line can be written as:

all
a Sxx

G=’&T
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where n is the mean water surface, h is the still water depth,

p is the density of water, g is the gravitational acceleration,

x is the direction normal to the coastline, and Sxx is the

component of the radiation stress in the x-direction.

The radiation stress of a directional wave spectrum,

F(u,e) can be expressed as (Battjes, 1974):

where @ is the wave angle, and n is the ratio of group velocity

to wave celerity, i.e., n = 0.5 [l+2kd/sinh(2kd)].  w is the

2angular frequency, and w = gk tanh (dk) for a linear wave

theory. k is the wave number and d = h+rl is the total water

depth. The refracted wave angle @ can be calculated by Snell’s

Law for parallel bottom contours, i.e.: sin@/sin@o = ko/k,

where o denotes the deep water condition or the initial condi-

tion. Once d and k are determined, n, Q, and hence the radia-

tion stress can be calculated by the above equation provided

F(u,G)d@ du was determined for a given water depth.

After breaking, since the breaking wave spectrum is not

well understood, an empirical relationship describing the root

mean square wave height, ~, as a function of beach slope, local

water depth, d, and breaking wave height and depth is adopted.

For the determination of ~, the functional form is:

~/Hb = f(d/db,S)
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Snell’s Law and the dispersion relation

hold within the surf zone on a gently sloping

radiation stress is

wave represented by

direction, and mean

‘xx = (n

approximated by that of a

the root mean square wave

are assuned to

beach. Then the

monochromatic

height, mean

period in the surf zone, i.e.:

-1~+n COS26)  ●
; ~g~z

Finally, the governing equation for the prediction of wave

set-up can be solved by an explicit forward finite-difference

numerical scheme.

2.2.4 Wave Run-up

Wave run-up is defined as the maximum vertical water

displacement on the face of the structure above the still-

water surface during the wave attack. Since no sound theo-

retical background assocaited with the characteristics of

breaking waves has been established, the state-of-the-art

calculation of wave run-up is essentially based on experi-

mental results. Because Hunt’s equation can always produce

a reliable estimation of wave run-up for breaking wave cases,

it was adopted for the basic analytical foundation. Hunt ‘ S

equation can be described as follows:

R–= 2.3 ● S ●H (H/T)-1/2
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where T is wave run-up, S is beach slope, H and T are wave

height and period, respectively.

2.2.5 Wave-induced Current

Since the particle motion of a finite amplitude wave cannot

be closed, there must be a slight net transport of mass which

is corresponding to the wave-induced current. The deep water

wave-induced current, U= can be expressed as follows: (Kinsman,

B. 1964)

2 2Uc=na C e’kz

where 6 = H/L, H is wave height, L is wave length, C is wave

speed, k is wave number and Z is the water depth. Uc at the

surface of water (i.e., Z = 0) is

u = IT2H2C/L2co = 7r2H2/(CT2)

For a deep water wave, C = gT/(2n) and

u = 2n3H2/(gT3)co

where g is the gravitational acceleration and T is wave period.

A rough estimate of the wave-induced current under wave break-

ing condition, (Uco)b may be approximated by applying c = 27T/

(kbT), kb
= k \Coth(kd), and k = 4r2/(gT2) in the equation of
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ucot which yields

(Uco) = 2r3H2/(gT3)  ●

b
~Coth(4~2d/’gT2)

where d is the water depth. Therefore the ratio of the wave-

induced current between the conditions of deep water wave and

breaking wave is

/
(Uco) U = iCoth(kd) LI

b co

Apparently, the wave-induced current under wave breaking con-

dition is always larger than that of under deep water wave

condition.

2.3 RESULTS , DISCUSSIONS , COMPARISONS, AND CONCLUSIONS

The statistical results of the wave field in the Beaufort

Sea area for the period of August of 1977 (persistent westerly

wind condition) , 1978 (typical year), and 1980 (negative surge)

have been obtained by applying l’etra Tech’s numerical models.

An uniformly distributed wind field over the entire study area,

which includes Harrison Bay, Simpson Lagoon, and Brownlow

Point, was assumed. Thus , the deep water waves were hind-

casted by the one-dimensional wave model, consequently, the

shallow water waves were transformed from the deep water

waves . The locally generated shallow water waves were

neglected.
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The probability distributions of the deep water significant

wave height, Hs, peak wave” period, Tp, breaking wave height,

‘b ‘ breaking water depth, Db, wave run-up, R, wave set-up, q,

deep water wave-induced current, Uco, and breaking wave-induced

current (Uco) , were calculated for the selected six beach
b

profiles. A set of probability distributions of the input

wind speed, U, wind direction, 6, Hs, T
P’ ‘b ‘ ‘b ‘ and per-

centages of Uco/U and (Uco)b/U were presented in Figure 2.2

through Figure 2.9, Figure 2.10 through Figure 2.17, and Fig-

ure 2.18 through Figure 2.25 for August of the year

1977, 1978 and 1980, respectively. The probabilities indi-

cated in the most right-hand side of the graphs represent the

statistics of zero onshore waves. These have about 7%, 20%

and 65% of such statistics for August of 1977, 1978, and 1980,

respectively. For 1980’s case, it has much higher percentage

of the zero wave statistics and negative surges. These are

due to the persistent offshore wind condition during August

of 1980.

The mean and maximum values of Hs, T Hb and Db at twoP’
different fetches were shown in Figure 2.26 through Figure 2.28

for the years 1977, 1978 and 1980, respectively. The results

corresponding to the larger fetch are generally larger compared

to those of the smaller fetch. It implies that the effect of

ice edge tends to reduce the values of H~ and T and, hence,
P’

their corresponding values. The results for 1977 are the

largest ones, as expected, due to the persistent wind conditions.
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The statistics of the deep water H~, Tp and Uco are almost

the same for all the beach profiles because the same wind con-

ditionswere applied. Consequently, the results of Hb, Db, and

(Uco) are very similar. The averaged and maximum breaker
b

zones are lorated at the near shore water depths of 1.5 to 3

ft. and 3 to 11 ft., respectively. Since Harrison Bay has a

broader continental shelf, therefore it has a larger breaker

zone compared to those of Simpson Lagoon and Brownlow Point.

The wave run-up and set-up seem to be negligible due to the

gentle continental slopes and the normal deep water wave

ditions. The significant finite amplitude wave-induced

current seems to have the same order of magnitude as the

con-

wind-induced drift current (3- 7% of the wind speed) in deep

water as well as in the

is strongly recommended

current in the estimate

2.4 RECOMMENDATIONS

breaking locations. Therefore, it

to include the effect of wave-induced

of the oil spill movement.
.

A 2-dimensional wind-wave hindcast scheme is strongly

recommended for the future study. This 2-D model would have

better capability to handle storm wind conditions. Therefore,

better quality of the hindcast results could be expected.

The ice edge model should be incorporated with the wave

prediction model for the better estimate of the fetch.
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The 30 year’s wind data at Cottle Island and Tolaktovut

Point could be utilized for the generation of the general wave

statistics, especially for the design criteria of offshore

structure in the Beaufort Sea area.

The wave-induced current, long shore current and the

mixing due to the breaking wave in the surf zone are par-

ticularly important for the prediction of the oil spill move-

ment. Therefore, we strongly urge that these mechanisms be

included in any future modeling effort or environmental

statistical studies.
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